The climatically sensitive Qinghai province of China has been recognized as a hotspot for studies on the feedbacks of terrestrial ecosystems to global climate change. Thus, investigating vegetation coverage and its natural drivers in Qinghai is an important focus of ecosystem research. On the basis of Moderate Resolution Imaging Spectroradiometer (MODIS) Enhanced Vegetation Index (EVI) time series data, we estimated the vegetation coverage in this region using the dimidiate pixel model. Trend analyses, correlations between meteorological parameters, changes in vegetation coverage, and the temporal and spatial relationships between soil texture and vegetation coverage were used to investigate the possible drivers of vegetation coverage variations. The results indicated that the reduction of vegetation coverage slowed down in the period from 2000 to 2012. Annual mean temperature was the main climatic driver of the total extremely low and low vegetation coverage areas in Qinghai, followed by the precipitation anomalies. The extremely low and low vegetation coverage areas were mainly distributed in regions with a mean annual relative air humidity of <40% and the spatial distributions of these two area types differentiated along the 200-mm rainfall contours. The total extremely low and low vegetation coverage areas were mainly characterized by sandy clay loam soil, followed by loamy sand and sandy soil. Regions with sandy loam or loam soil have the greatest risk of vegetation coverage reductions. Knowledge of vegetation coverage variation and its natural drivers in the ecologically fragile region of Qinghai can provide scientific support for managing environmental change and desertification.
Vegetation is the natural link between the soil, atmosphere and water in an environment (Pan et al., 2015) . Plants play an important role in the energy exchange, biogeochemical cycles and hydrological cycles in terrestrial systems and are an indicator of global change (Sun et al., 1998) . Vegetation coverage is also an important indicator of the growth trends of vegetation communities and provides essential information for describing ecological systems. There is a close relationship between vegetation coverage and climatic factors. Global climate change has an amplified effect the Qinghai-Tibet Plateau, and the headwater region in this area is more sensitive to climate change. Thus, the investigation of vegetation coverage and its natural drivers in Qinghai is important for understanding climate change (Peng et al., 2012; Guo et al., 2014) . Researching the changes in annual vegetation coverage and its natural drivers has great theoretical and practical significance for assessments of terrestrial ecosystems and environmental management (Mu et al., 2012) .
Many unfavorable factors (e.g. strong wind, drought, salinity and freeze-thaw cycles) increase the risk of vegetation coverage reductions in Qinghai (Yu et al., 2007) . The use of remote sensing imagery has enabled a better understanding of the dynamics of the current vegetation coverage in this region (Huang et al., 2009; Yan et al., 2009) . For example, satellite images of vegetation coverage have been used for assessing temporal vegetation dynamics (Qi et al., 2012) . Highresolution and multi-spectral images can be acquired over several years to analyze regional changes in landform and land degradation (Runnström, 2003; Yan et al., 2007) . This technology has become a valuable tool for monitoring and evaluating regional and global variations in vegetation coverage (Liberti et al., 2009 ).
Climatic variation is commonly considered as a key factor driving vegetation change (Wang et al., 2004) , as climate determines the distribution of vegetation, which in turn influences the surface energy flux and water balance. The disrupted surface energy flux and water balance subsequently reduce precipitation, further preventing the re-establishment of vegetation (Bonan, 2002) . In recent years, the inter-relationship between climate and vegetation has been closely examined via remote sensing and direct field observations (Taylor et al., 1997; Taylor and Lebel, 1998; Kim and Byun, 2009 ). Many studies have found that natural factors (e.g. climatic variations and soil properties) significantly influence vegetation coverage (Peng et al., 2012; Wang et al., 2012; Qin et al., 2015) . Moreover, some studies have revealed that human activities can affect vegetation coverage as well (Hou et al., 2015) .
Changes in the global and regional patterns of precipitation, temperature, wind speed and relative air humidity have historically led to the expansion and contraction of major deserts (D'Odorico et al., 2013) . Many of these deserts were formed millions of years ago, and most of them expanded as a result of Pleistocene climate change (Goudie, 2006) . Increased drought and overall global climate change since the 20 th Century (Sheffield et al., 2009 ) have resulted in uneven spatial and seasonal precipitation distributions (Burke et al., 2006; IPCC, 2007; Dai, 2011) . Simulations based on various climate models suggested that Western Asia will experience an overall reduction in mean precipitation by the end of the 21 st Century . However, our understanding of the relationship between climate change and vegetation coverage is limited. In fact, vegetation coverage is influenced by complex factors including biophysical and human influences, which may vary over a wide range of spatial and temporal scales, and quantifying these factors is extremely challenging (MEA, 2005) . In addition, soil texture (and thus water-holding capacity) is another important factor for determining the extent of the desertification (USDA, 2008) . Vegetation coverage varies with soil texture even under the same climate. Changes in soil texture and loss of water-holding capacity may result from the erosion of fine soil (D'Odorico et al., 2007) .
Although there have been remarkable advances in research on vegetation coverage variations in China over the past several decades, many of these processes are still not well understood. Therefore, the aims of this study were to: (1) conduct an analysis of the temporal and spatial dynamics of vegetation coverage and climate characteristics in Qinghai; (2) identify the main climatic factors that drive variations in vegetation coverage; and (3) examine soil texture and its spatial relationship with vegetation coverage. The results will improve our understanding of the processes driving vegetation coverage variations.
1 Study area and data collection
Study area
Qinghai province is located in Northwest China and consists of a range of topographies, though more than four-fifths consists of plateau areas. Qinghai is divided into the Qilian Mountains, Qaidam Basin and southern Qinghai Plateau regions (Fig. 1) , and its average elevation is greater than 3,000 m.
Qinghai is characterized by a plateau continental climate, with low temperatures, large day-night temperature fluctuations, concentrated rain events, numerous cloud-free days and strong solar (Fig. 2) . However, within this province, there are significant differences in regional climates. For example, the annual mean temperature in the Huangshui valley in East Qinghai ranges from 2°C to 9°C, the frost-free period is 100-200 days, and 250-550 mm of precipitation is concentrated in July to September. In contrast, in the Qaidam Basin, the annual mean air temperature ranges from 2°C to 5°C (Fig. 2b) , the annual precipitation is approximately 200 mm (Fig. 2c) , and there are more than 3,000 h of sunshine. The temperature in the northwestern high mountains and southern Qinghai plateau is 8°C lower than that in the Qaidam Basin, and the annual precipitation ranges from 100 to 500 mm, with the exception of the Qilian Mountains, Altun Mountains, and mountains in the western river region. Global 500 m SIN Grid). The EVI data were retrieved from daily, atmosphere-corrected, bidirectional surface reflectance measurements. We processed the EVI data with a MODIS-specific compositing method based on product quality assurance metrics to remove low quality pixels. The land cover data with a 500-m spatial resolution were resampled with a 1-km spatial resolution (Friedl et al., 2002 (Friedl et al., , 2010 . All the EVI and land cover data were derived from the Level 1 and Atmosphere Archive and Distribution System (http://ladsweb.nascom.nasa.gov/data/search.html). Both the MOD13A2 and MCD12Q1 data were preprocessed (e.g., atmospheric, geometric, and radiometric corrections) by the National Aeronautics and Space Administration (NASA) prior to being used.
Meteorological data
China's annual terrestrial climate dataset was provided by the China Meteorological Data Sharing Service System. The annual precipitation, mean wind speed, mean air temperature and mean relative air humidity data were collected from 39 stations in Qinghai. The data acquisition was in strict accordance with the Ground Surface Meteorological Observation Protocols (CMB, 2003) , and the data were quality controlled using China's ground monthly climate information files. All climatic data passed a rigorous system of checks, including a time consistency check. The mean annual precipitation, annual mean wind speed, annual mean air temperature and annual mean relative air humidity from all weather stations in Qinghai from 2000 to 2012 were calculated. The average multi-year climatic data from each meteorological station from 1961 to 2012 were calculated and interpolated to raster images in Qinghai with a 1-km spatial resolution. Contours of climatic parameters were also constructed.
Soil data
Soil data (1-km spatial resolution) were taken from the Harmonized World Soil Database (HWSD), which were constructed by the Food and Agriculture Organization of the United Nations (FAO) and the International Institute for Applied Systems Analysis (IIASA, version 1.1). The Institute of Soil Science, Chinese Academy of Sciences provided 1:10,000 soil data for China. The soil data were formatted as a grid with a WGS84 projection and classified using the FAO-90 soil classification system (Fig. 3) .
Methodology

Dimidiate pixel model for remote sensing vegetation coverage inversions
The MODIS EVI is a continuation of the Normalized Difference Vegetation Index (NDVI) and has significant improvements over the vegetation index formula and synthesis method. The EVI reduces interference from atmospheric noise, soil background influences and NDVI saturation over high vegetation coverage areas (Wang et al., 2006) . Compared with NDVI time series, EVI time series have more pronounced seasonal characteristics and can better reflect seasonal variations in vegetation coverage. Therefore, the EVI provides useful information for assessing seasonal The principle of the dimidiate pixel model assumes that the reflectivity of each pixel can be divided into two parts. The reflectance values of each pixel can be defined as the weighted sum of the pure-vegetation pixel (land pixels excluding water, building and snow cover) and pure-soil pixel (non-vegetated) fractions (Maas, 1998 ):
Where R is the reflectivity of one pixel, R v is the reflectivity of the vegetative fraction of the pixels, and R s is the reflectivity of the soil fraction of the pixels.
Assuming the vegetation coverage of one pixel is a fraction of the vegetation coverage area (f c ), then the ratio of the non-vegetated area to the total pixel area is 1-f c . Therefore, the reflectivity of mixed pixels can be expressed as R=f c ×R v +(1-f c )×R s (Zeng et al., 2000) . According to the above principle, the EVI can be approximately expressed as E EVI = f c ×E EVIveg +(1-f c )×E EVIsoil , where E EVI , E EVIveg , and E EVIsoil are the EVI values at any pixel, pure-bare pixels and pure-vegetation pixels, respectively (Gutman and Ignatov, 1998; Qi et al., 2000) .
Therefore, the vegetation coverage can be obtained using the following equation for a specific study area:
(2) Where f c is the vegetation coverage, EVI is the value of bare-land pixels, EVI soil is the minimum EVI value in the study area, and EVI veg is the maximum EVI value of full vegetation cover pixels in the study area. We identified the pure-land pixels based on the land types, the maximum and minimum EVI values were extracted from these pixels.
When using the dimidiate pixel model to estimate vegetation coverage, it is critical to accurately obtain the bare and completely vegetated pixels in the study area. Complex land cover types (e.g. water bodies, buildings and snow cover) will influence the maximum and minimum EVI values. In this study, the MODIS land cover product was used to exclude water bodies, buildings and snow-covered regions, and only land area was extracted to determine the maximum and minimum EVI values for estimating vegetation coverage. The MODIS land cover products were during the period of 2001 to 2012, and the study period covered the same time period. As the land cover changed little in 2000, land cover data from 2001 were used to represent land cover in both 2000 and 2001.
Many studies of remote sensing vegetation coverage have referred to technical specifications or made appropriate improvements depending on the study areas in China. In this study, we comprehensively referred to the remote sensing vegetation coverage classification criteria from studies in similar areas in the Fourth China National Desertification and Sandification Technical Specifications (Ding et al., 2004; He and He, 2011) . The vegetation coverage was subsequently divided into five categories: (1) very high, (2) high, (3) moderate, (4) low and (5) extremely low (Table 1) . 
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Moderate Quicksand areas account for 20%-40% of the total area, and vegetation cannot completely prevent sand drift.
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Low Land productivity is basically lost; the whole desertification area is in a semi-mobile state; and quicksand or Gobi account for 50% of the total area.
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Extremely low Land productivity is completely lost, showing a complete windor water-eroded desert landscape.
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Trend analysis and spatial comparison
Time series of the averaged meteorological data from all sites in Qinghai and vegetation coverage data were used to determine whether interactions existed between them. Trend analysis models (e.g. mean value estimate, linear regression and exponential regression methods) were used to investigate the multi-year trends. The annual mean air temperature, relative air humidity, wind speed and annual precipitation at 39 sites in Qinghai were used to represent Qinghai's annual climatic conditions. Linear regressions were used to analyze trends in precipitation, relative air humidity and wind speed during the period of 1961 to 2012, and an exponential regression was used to analyze air temperature trends. The area of vegetation coverage variation was used in temporal trend comparisons of vegetation coverage and climatic conditions.
The multi-year average climatic data from each meteorological station during the period of 1961 to 2012 were calculated and interpolated to raster images with a 1-km spatial resolution. Contours of climatic parameters were also constructed. Then, the spatial relationship between vegetation coverage and climatic variables was analyzed from 2000 to 2012.
Correlation analysis and cross-classification
Correlation coefficients between yearly assigned vegetation coverage values and annual averaged meteorological data from 39 sites from 2000 to 2012 were calculated using the Pearson correlation method. To identify the effects of climatic factors, we obtained a correlation matrix for the yearly vegetation coverage variation areas and annual climatic conditions using SPSS software.
Results and discussion
Dynamic changes in vegetation coverage in Qinghai
The area classified as extremely low vegetation coverage in Qinghai increased during the period of 2000 to 2012, with an average annual increase of 32.5 km 2 (5.84%, R 2 =0.7786, P<0.01) (Fig. 4a ). This region is mainly distributed along the central line of the Qaidam Basin, indicating that Qinghai is still facing the risk of desertification. In contrast, the area classified as low vegetation coverage area decreased during the period of 2000 to 2012, with an average annual decrease of 2,091.8 km (0.07%, R 2 =0.4957, P<0.01) (Fig. 4b) . The area classified as moderate vegetation coverage slightly increased, with an average annual increase of 1,868.3 km 2 (R 2 =0.3404, P<0.05) (Fig. 4c) . The combined total area of extremely low and low vegetation coverage decreased, with an average annual decrease of 2,059.3 km 2 (0.68% of the average extremely low vegetation coverage area during the period of 2000 to 2012) (R 2 =0.4884, P<0.01) (Fig. 4d) . These data indicated that the spread of serious desertification in this province slowed during the period of 2000 to 2012. The total area classified as lower than moderate vegetation coverage (5.4×10 5 km 2 ) did not significantly change during the period of 2000 to 2012, though it fluctuated annually (Fig. 4e) .
The spatial distribution of extremely low and low vegetation coverage areas had no significant changes during the period of 2000 to 2012. Compared to 2000, the vegetation coverage slightly Fig. 4 Changes in vegetation coverage areas in Qinghai province.
* and ** indicate significant differences at P<0.05 and P<0.01 levels, respectively. improved in southeastern Qinghai in 2006. However, the vegetation coverage decreased in southeastern Qinghai, especially on the northern shore of the Qinghai Lake in 2012. Generally, the vegetation coverage was low in most parts of Qinghai, especially in the Qaidam Basin and western mountain zone. The vegetation coverage in the southeastern Qinghai and northern shore of the Qinghai Lake was relatively higher than those in other regions. The differences in vegetation coverage during the period of 2000 to 2012 were used to analyze the spatial variation in vegetation coverage. The differences were divided into five levels (Fig. 5) . Vegetation coverage decreased in southern and eastern Qinghai, where vegetation coverage was relatively higher than those in other regions. A decrease in vegetation coverage was obvious, especially in the Yellow River Basin, whereas the vegetation coverage increased in the southern Qinghai Lake. 
Climatic characteristic and changes
Using the observed meteorological data during the period of 1961 to 2012, the annual mean climatic data of all the meteorological stations in Qinghai were calculated to represent the climatic conditions (Fig. 6) . The annual mean air temperature significantly increased over this period (R 2 =0.3834, P<0.01) from 0.5°C to 1.0°C between the 1960s and 1980s and from 1.0°C to 1.5°C between the 1980s and 2000 (Fig. 6a) . The annual mean temperature significantly increased following an exponential trend during the 13 years since 2000.
The annual precipitation also increased over the 52-year period by an average of 0.7328 mm/a (R 2 =0.0939, P<0.05) (Fig. 6b) . However, the relative air humidity decreased (R 2 =0.1306, P<0.01)
by an average of 0.0421% per year (Fig. 6c) , indicating that the area was gradually getting drier, likely as a result of increased temperature. The annual mean wind speed increased from 1969 to 1974, and then gradually decreased by 2 m/s (R 2 =0.4680, P<0.01) (Fig. 6d) . It is important to note that any decrease in wind speed would create an environment which is conducive to vegetation recovery and growth. * and ** indicate significant differences at P<0.05 and P<0.01 levels, respectively.
Influence of climate change on vegetation coverage
The total areas of extremely low and low vegetation coverage in Qinghai were significantly and negatively correlated with the precipitation anomaly percentage, mean temperature and temperature anomalies (P<0.05). Among these factors, the total extremely low and low vegetation coverage areas were most highly correlated with mean temperature (R 2 = -0.635), followed by precipitation anomalies (R 2 = -0.616). The correlation between the total extremely low and low vegetation coverage areas in Qinghai and the relative air humidity was not significant (R 2 =0.453). The relationship between climate and low vegetation coverage areas was complex, and it is difficult to clearly understand the relationship from only one climatic factor (Hulme and Kelly, 1993) . However, increasing temperature and decreasing rainfall over long periods can cause dry land to become especially vulnerable to vegetation coverage (Amiraslani and Dragovich, 2011) . Under harsh environments, reduced vegetation cover increases erosion due to runoff-generating rains, and thus contributes to desertification (Amiraslani and Dragovich, 2011) . These changes are amplified when imbalances occur between the physical environment and human activities.
Although climate change will exacerbate vegetation coverage reduction through changes in temperature or rainfall, not all existing deserts will be equally affected (Sivakumar, 2007; Amiraslani and Dragovich, 2011) . For example, temperature increases are not entirely detrimental to vegetation ecosystems (Glenn et al., 1998) . Increased temperature can delay vegetation dormancy, thereby prolonging the growing season and reducing susceptibility to vegetation coverage reductions. This may explain why areas with low vegetation coverage in Qinghai have gradually diminished over the past 10 years. Therefore, obvious changes in the total areas of extremely low and low vegetation coverage in Qinghai were evidently correlated to temperature from 2000 to 2012 (Fig. 7) . The total areas with extremely low and low vegetation coverage in Qinghai decreased in years with high average temperature but increased in years with low average temperature. The spatial relationships between vegetation coverage and climatic factors were analyzed (Fig.  8) . The spatial distributions of the different vegetation coverage classifications were consistent with the humidity and precipitation contour lines. Extremely low and low vegetation coverage regions were mostly distributed in areas with an annual mean relative air humidity of <40%, whereas moderate vegetation coverage regions were distributed in areas with an annual mean relative air humidity ranging between 40%-50%. Regions with an annual mean relative air humidity of >50% had relatively high vegetation coverage.
The spatial relationships between different vegetation coverage regions and precipitation are shown in Fig. 8b . The spatial distribution of extremely low and low vegetation areas was consistent with the 200-mm precipitation contours, whereas moderate vegetation coverage areas were mainly distributed in regions with <100 mm of precipitation. Regions with an annual precipitation of 200-400 mm are considered as ecologically fragile areas (Wang et al., 2008) , and are therefore the focus of vegetation protection measures to control improper human activities that exacerbate the risk of desertification. Areas with an annual precipitation of >400 mm had a low risk of vegetation coverage reduction. Spatial relationships between vegetation coverage and multi-year mean temperature and wind speed were not obvious. However, it is important to note that high and low temperatures may increase the vulnerability of grassland ecosystems to desertification (Wang et al., 2008) .
Correlation between vegetation coverage and soil properties
3.4.1 Vegetation coverage area ratios Reductions in vegetation coverage are caused by the deterioration of the soil layer and the decline in or even disappearance of organic matter, which causes the land surface to become barren or compact. Soil type and soil texture in a certain area reflect the climate over geological history and the development of desertification. Soil type and soil texture affect the migration of water and salt in soil in various ways, as well as vegetation type and vegetation coverage (Liu et al., 2008) . The vegetation coverage ratio represents the ratio of a vegetation coverage area to the total area of a certain soil type. The vegetation coverage ratios among different soil textures were significantly different ( Table 2 ). The ratio of the total areas of extremely low and low vegetation coverage to the total areas of sandy clay loam soil was the largest (94.11%). Qinghai has 3,614 km 2 of total sandy clay loam soil areas, which are mainly distributed in the central region of Dulancounty. This area is surrounded by large areas of sand dunes and sand sheets, and therefore is susceptible to wind erosion. The ratio of the total areas of extremely low and low vegetation coverage to the total sandy loamy and sandy soil areas were large (84.93% and 88.08%, respectively). These two soils are primarily distributed in the Qaidam Basin and Chaka-Republic Basin, as well as to the north and east of Qinghai Lake. This area is the largest desertification region in Qinghai, with high wind speeds throughout most of the year. As such, the vegetation is relatively sparse. In addition, the soil texture and terrain factors increase the risk of vegetation coverage reduction in this area. Wind erosion and salinization alter the soil structure, which further exacerbates desertification. The total areas of extremely low and low vegetation coverage accounted for 72.57% of the total clay loam soil area and were mainly located in the central salt lake and oasis of the Qaidam Basin. Drought, evaporation and rich salt are natural conditions of saline desertification in this arid region, and evaporation causes salt accumulation on the land surface. Moreover, the river carries soluble salts into the lake and the river alluvial plain area, providing a source for salt accumulation in the soil. Within this soil type, high salinity and salt marshes easily cause reductions in vegetation coverage. Sandy loam and loam are the most widely distributed soils in Qinghai. In regions characterized by these two soils types, the ratios of the total areas of extremely low and low vegetation coverage were 34.46% and 39.99%, respectively. Most agricultural regions are located on these types of soil, and vegetation coverage reduction in these areas is mainly due to overexploitation, except for in high altitude areas (Tian et al., 2013) . Regions characterized by sandy loam and loam soils are also a focus for vegetation coverage reduction control efforts. Vegetation coverage reduction control can be achieved by active ecological engineering. However, if there is a lack of appropriate management measures, the environment will continue to be destroyed and vegetation coverage reduction and desertification will increase.
The percentages of the total areas of extremely low and low vegetation coverage to the total area of each soil type were different compared to the moderate vegetation coverage area percent. Sandy loam and loam soils in Qinghai have similar spatial distributions and are found in similar climatic conditions. However, the moderate vegetation coverage area percentages for these two soil types were 43.12% and 33.14%, respectively. This indicates that soil texture is also a driver of vegetation coverage reduction under similar environmental conditions. Sandy loam soil has a greater sand content and permeability compared with loam soil and is more easily eroded by wind or water; thus, drought tolerant vegetation should be cultivated in these areas to prevent the risk of vegetation coverage reduction.
Clay and silt clay loam soils are mainly found in the central regions of the Qaidam Basin and Chaka Basin, where a harsh climate and high salt content create optimum conditions for vegetation coverage reduction. Areas with silt clay and silt loam soils are relatively small but widely distributed, primarily in the southern river valleys of the Qinghai and salt lake area. These two soils better support vegetation but are susceptible to salinization. Thus, they are still classified as having a high risk of vegetation coverage reduction. 3.4.2 Multi-year vegetation coverage trends for each soil type The multi-year vegetation coverage area trends for each soil type are presented in Figs. 9 and 10. The most widely distributed soil types in Qinghai are sandy loam, loam and sand, with an area of 354,919, 208,078 and 49,197 km 2 , respectively. These three soil types also corresponded to the largest extremely low and low vegetation coverage areas, with the greatest area (10 4 km 2 )
corresponding to sandy loam soils, followed by loam (8×10 4 km 2 ) and sand (10 4 km 2 ) soils. The total areas of extremely low and low vegetation coverage in sandy loam soil regions showed obvious inter-annual variability. The smallest area of extremely low and low vegetation coverage was found in 2010 (105,266 km 2 ), and the largest in 2001 (132,474 km 2 ). The total extremely low The inter-annual variation in the total extremely low and low vegetation coverage areas with loam soil slightly decreased (R 2 =0.6453), suggesting improvements in the environment. However, there was no obvious inter-annual variation in the total extremely low and low vegetation coverage areas with clay loam soil. Sand is mainly distributed in the Qaidam Basin and Chaka Basin, which primarily consist of dune and gravel and have low vegetation coverage. Thus, these regions have a risk of serious vegetation coverage reduction, though they are relatively stable with respect to desertification. Moderate vegetation coverage areas in regions with various soil types and their multi-year trends are presented in Fig. 8 . Sandy loam and loam soil regions showed the highest risk of vegetation coverage reduction and corresponded to the largest moderate vegetation coverage areas (15,000 and 7,000 km 2 , respectively). In contrast, the moderate vegetation coverage areas in regions with other soil types were small. The inter-annual variation in moderate vegetation coverage areas with sandy loam soil was significant; the largest of these areas (170,692 km 2 ) was measured in 2011 and the smallest (135,460 km 2 ) in 2001. A linear regression of the multi-year moderate vegetation coverage areas with sandy loam soil indicated the occurrence of a slow upward trend over the study period (R 2 =0.3578). Thus, the southern-most agricultural land in Qinghai still faces the risk of vegetation coverage reduction. These data suggest the need for continued efforts to reduce the risk of vegetation coverage reduction in this area. The vegetation coverage reduction risk in regions with loam soil was less compared with that in sandy loam soil regions. The inter-annual variation in moderate vegetation coverage areas with loam soil was small but exhibited a slow upward trend (447.6 km 2 /a; R 2 =0.1939). Therefore, the risk of vegetation coverage reduction in farmland in Qinghai still exists.
Conclusions
This study investigated the trends of vegetation coverage in Qinghai in order to better understand the drivers of vegetation coverage variations. The results are summarized as follows:
(1) The area of extremely low vegetation coverage in Qinghai increased during the period of 2000 to 2012, with an average annual increase of 32.5 km 2 . Low vegetation coverage areas decreased by an average of 2,091.8 km 2 /a. The spread of vegetation coverage reduction in this province has slowed, and the average annual reduction in the total areas of extremely low and low vegetation coverage was 2,059.3 km 2 . (2) Annual mean temperature was the main climatic driver of the total extremely low and low vegetation coverage areas in Qinghai, followed by precipitation anomalies. Spatially, severe and serious desertification regions were almost completely distributed in areas with an average annual relative humidity of <40%, whereas moderate desertification areas were distributed in regions with an annual average relative humidity ranging from 40% to 50%. The spatial distribution of desertification was consistent with the 200-mm precipitation contours, and severe desertification occurred in areas with <100 mm of precipitation.
(3) Sandy clay loam soil was the main soil driver of vegetation coverage, followed by loamy sand and sandy soil properties. Regions with sandy loam and loam soils showed the highest risk of vegetation coverage reduction. Soil texture was also a driver of vegetation coverage variations under similar climatic conditions. Soils with a large particle size had high permeability and were easily influenced by water and soil erosion, and therefore displayed a high vegetation coverage reduction risk.
Changes in vegetation coverage have an important influence on energy and biological chemical cycles. The investigation of vegetation coverage variations and its natural drivers is important to understanding the effects of global environmental change. Vegetation coverage is also an effective indicator of land deterioration, salinization and desertification. Research on vegetation coverage in the ecological fragile region of Qinghai can provide a scientific reference and management support for coping with environmental change and desertification.
